Pediatric Risk of Mortality (PRISM), Pediatric Index of Mortality (PIM) and PIM2 could be applicable to the subset of term neonates has not been well investigated. The purpose of this study is to access and compare the performance of these scoring systems in predicting mortality probability in term Chinese neonates with critical illness. PRISM, PIM and PIM2 scores were calculated prospectively during a 1-year period on 243 neonates admitted to the neonatal intensive care unit (NICU) in the Children's Hospital of Zhejiang University in China. Of these, 36 neonates (14.81%) died in the NICU, while the mortality rates estimated by PRISM, PIM and PIM2 were 16.19, 14.58 and 11.12%, respectively. The area under the receiver-operating characteristic (ROC) curve [95% confidence intervals ( (1.13-1.62), respectively. Although PRISM, PIM and PIM2 have displayed good discrimination and calibration in the present setting, PIM is considered as the most accurate and appropriate tool for predicting mortality in the studied NICU.
Introduction
Mortality risk scoring systems have been widely used in modern intensive care, considered as important measures for quality assessments, controlling for severity of illness in clinical studies and studies of resource utilization and management [1] [2] [3] . Since the early 1980s, various mortality prediction scores, including the Pediatric Risk of Mortality (PRISM) and the Pediatric Index of Mortality (PIM and PIM2), have been used in critically ill children or neonates [4] [5] [6] .
The PRISM score, published in 1988, was derived from the physiologic stability index and had been developed to PRISM III in 1996 [4, 7] . It was established on the data from North America and has been extensively adopted in both developed and developing countries. The PIM score, published in 1997 and updated to PIM2 by 2003, was developed from data collected in seven pediatric intensive care units (PICUs) in Australia and one in the UK [5, 6] . While PIM2 was based on data collected from PICUs in Australia, New Zealand and the UK. PRISM and PIM, which have been debated about the suitability by researchers, differ in the amount of information required to calculate the risk of death and the duration of recording these observations [4] [5] [6] [7] .
The above scores, developed from samples of children from all age groups, except the preterm infants, have showed high reliability in predicting mortality in PICUs in different countries [8] [9] [10] [11] [12] [13] [14] [15] [16] . However, how these scores perform in the subgroup of critically ill term neonates within China has not been well investigated. Therefore, the current study aimed to evaluate the applicability of PRISM, PIM and PIM2 scores and compare their performance in terms of predicted mortality in a Chinese neonatal intensive care unit (NICU), which was hoped to facilitate the standardized comparison among different units and help improve the treatment of critical illness in this subgroup of children.
Materials and Methods
The present study was conducted at an NICU in the Children's hospital of Zhejiang University School of Medicine. The NICU has 30 beds and 22 ventilators. There are 5 attending intensivists, 16 fellows and residents and 36 nurses in the unit. The vast majority of patients in the NICU were term or preterm neonates, whereas only a few were older than 28 days. All NICU admissions were transferred from the emergency department, general neonatal wards, surgical wards or operating theaters. Ethics approval was obtained from the Research Ethics Committee of the hospital. Informed consent was waived owing to the observational nature of the study.
All term neonates consecutively admitted to the NICU from 1 June 2006 to 31 May 2007 were enrolled. Patients who met one of the following criteria were excluded: cardiopulmonary resuscitation on arrival without achieving spontaneous circulation for >2 h; brain death at admission to NICU; transferred to other ICU; age >28 days or preterm neonates.
Information of enrolled neonates was collected prospectively, including age, sex, admission type (emergency or non-emergency), referring specialty, mechanical ventilation, diagnosis, length of stay, NICU outcome and all variables required to calculate the PRISM, PIM and PIM2 scores (recording sheet models of the three scores are shown in Appendices 1-3). Data were collected within the first 24 h after admission by two experienced research nurses, as was done in previous studies [17] . Our treating team was blinded to these scores and prediction. We calculated the probability of death using the available equations of these scoring systems at the end of the study period in order not to influence the management of the patients.
Statistical analyses were performed using SPSS for Windows, version 10 and STATA, version 7. Descriptive statistics were used to report age, gender, length of stay, mechanical ventilation and mortality. Discrimination between death and survival was assessed by the area under the receiver operating characteristic (ROC) curve. Discrimination was regarded as adequate if the area under the ROC curve (AUC) was >0.80. In order to calibrate the three models, the Hosmer-Lemeshow goodness-of-fit test was employed to test the agreement between observed and expected mortality, at five different risk intervals. The overall performance of score was assessed by the ratio of observed to expected NICU death rates, known as the standardized mortality ratio (SMR).
Results
During the study period, 277 patients were admitted to the studied NICU, among which 34 who were meeting at least one of the exclusion criteria were excluded, including two with a stay in NICU <2 h, one without achieving spontaneous circulation for >2 h on the arrival, four with transfer to another ICU and 27 older than 28 days. A total of 243 term neonates were enrolled in the study, of which, 207 (85.19%) survived at discharge from the NICU and the remainder 36 (14.81%) died. Table 1 shows the patient characteristics. Among the enrolled neonates, the majority of them were 1-to 3-days old (62.6%), while the rest were either 4-to 7-days old (16.9%) or 8-28-days old (20.5%). The median 5-min Apgar score at birth of these neonates was nine. In 44.0% of the enrolled patients, the primary indication for NICU admission was respiratory system disease. Digestive system disease accounted for the second largest category (14.4%), followed by hematological disease (11.5%) and congenital heart disease (9.9%). One hundred and one (41.6%) children had underlying illness at the time of NICU admission. Refractory respiratory distress was the major cause of death (38.9% of the non-survivors). Other important causes of death were multiple organ dysfunction syndrome (16.7%), septic shock (11.1%) and necrotic enterocolitis (11.1%). Table 2 13-1.62) , respectively. Table 3 shows the calibration of scores across five different levels of probability of death. PRISM has under-predicted mortality in groups at low risk for mortality and overestimated it in groups at high risk (>15%) except when the predicted probability was <1%. The PIM and PIM2 scores have underpredicted mortality at almost all probability levels. However, the degree of under-prediction of PIM was less than that of PIM2.
Discussion
This study evaluated the applicability and compared the performance of three major published mortality predicting tools (PRISM, PIM and PIM2) in 243 consecutive admissions to a Chinese NICU between 1 June 2006 and 31 May 2007. The three models were chosen because they are non-proprietary and used world-wide. All these scoring systems have displayed good discrimination in the studied setting, for the AUCs were all >0.80. The SMRs for the three models have suggested that, in this sample, the fit between observed and expected outcome was closest for PIM, followed by PIM2 and PRISM.
Mortality risk scoring systems have to discriminate well between deaths and survivals, and be well calibrated before they can be applied generally in a new population. In this study, discriminations of the three scores, which were assessed using the AUC, are similar to that reported by Brady et al. [8] in UK in 2006 and slightly weaker than that of a study in Australia and New Zealand [18] . AUCs of the three models in the present study are also close to that of several investigations within developing countries, whose AUCs ranged from 0.69 to 0.90 [13, 17, 19, 20] . Although Thukral et al. [13] observed that the discrimination was better in older children in India, we have found a good discrimination in Chinese neonates. Also, discriminations of the three scores are comparable to that of Score for Neonatal Acute Physiology II and Score for Neonatal Acute Physiology Perinatal Extension II recently reported in a large neonatal cohort [21] . Miscalibration of PRISM, PIM and PIM2 in validation samples has been noted several times [13, 18, 22] . In the study of Brady et al. [8] the Hosmer-Lemeshow goodness-of-fit test indicated lack of fit for PIM and PRISM and adequate fit for PIM2. The group that developed the PIM2 score recently observed that the three models did not calibrate well in a large study in Australia and New Zealand [18] . In the present study, though the three models have displayed good calibration according to the Hosmer-Lemeshow test, the SMR indicated that the fit between observed and expected outcome was closest for PIM. The appropriate comment is that factors that influence outcome such as the standard of care in the studied ICU are very close to those in the original sample where PIM was derived. PRISM trended to overestimate death in the present study, which may be attributed to the improvement of risk-adjust mortality caused by advances in pediatric medicine and supportive technologies since the establishment of PRISM in early 1980s [23] ; while, PIM2, the latest developed scoring system among the three, has showed underestimation in the studied population. This may be explained by the differences in patient characteristics between the studied setting and the population where PIM2 was derived, as well as a result of less numbers of medical staff allocated to the unit and higher incidence of severely ill patients in studied population, which is common in developing countries [13] .
Though the patients in this study were significantly younger than those in the original validation populations for PRISM, PIM and PIM2, the good discriminations and calibrations suggest that the three models, especially the PIM system, could also be used as predicting tools for mortality in a significantly young, mature, group of children. Moreover, PIM differs from PRISM in less amount of required information, shorter duration of observational period and earlier time point used to define the severity of disease [22] . The simplicity of PIM facilitates the training of ICU clinicians and makes it easier to collect information routinely from numerous critically ill pediatric patients [13, 17] . This advantage is even more important for the youngest and the most physiologically unstable group in pediatric intensive care practice.
PRISM III, the updated version of PRISM, is less widely used in China, for the license fee required for the usage of its regression equations and the laborious collection of information. And PRISM III showed only moderate discriminatory power in several study settings [9, 24] . Therefore, this model was not assessed in the present study. Apgar score is another important tool that assesses newborns immediately after birth to help identify infants requiring resuscitation [25] . Previous studies also found that 5-min Apgar score is a predictor of neonatal survival [26] . In the present study, however, Apgar score showed poor discriminative power between death and survival with an AUC of 0.650 (Data not shown), which indicates outcome of critically ill neonates are also influenced by factors other than their conditions at birth. The major limitation of this study was the small size of sample and the fact that it originates from a single unit. And rare studies on these scores' application in critically ill neonates also have restrained further comparison of our results. Further assessment and validation may be required using large number of representative samples from other regions within China and a direct comparison between PIM and neonatal scores should be involved.
In summary, this study demonstrated the applicability of PRISM, PIM and PIM2 in a Chinese NICU, for all the three models displayed good discrimination and calibration. Since its perfect fit between the observed and expected outcome and its userfriendliness, PIM is considered to be the most appropriate model among the three for predicting mortality in the studied population.
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